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S

treptococcus pneumoniae and Haemophilus influenzae are important pathogens in human disease. S. pneumoniae is the
most commonly identified cause of community-acquired pneumonia in adults (1), whereas nontypeable H. influenzae (NTHi) is
an opportunistic pathogen that frequently causes respiratory infections in individuals with underlying respiratory diseases such as
chronic obstructive pulmonary disease (COPD) (2). Currently
available pneumococcal vaccines for adults suffer from a number
of shortcomings. The 23-valent pneumococcal polysaccharide
vaccine licensed for use in adults, although providing greater serotype coverage for the adult population (3), shows limited efficacy in preventing pneumonia in elderly individuals and those
with COPD (4, 5). Furthermore, repeated vaccination with pneumococcal polysaccharide has been linked to the development of
immune hyporesponsiveness to some serotypes (6). Pneumococcal conjugate vaccines contain polysaccharides from a limited
number of pneumococcal serotypes that are specific to childhood
pneumococcal disease, rather than adult disease. For example,
serotypes contained in the licensed 13-valent pneumococcal conjugate vaccine account for only around one-third of invasive
pneumococcal disease cases in adults (3). Serotype replacement
following pneumococcal conjugate vaccination and capsular
switching drive changes in the prevalence of serotypes of pneumococci over time (7–9), further decreasing the coverage by currently
licensed pneumococcal vaccines. Development of the next generation of pneumococcal vaccines is therefore directed toward identifying antigens common to all serotypes, in order to expand the
efficacy of the vaccines to all pneumococcal strains. To date, there

is no available vaccine targeting H. influenzae (including NTHi)
infections in adults.
GlaxoSmithKline Vaccines has developed a candidate vaccine
that combines pneumococcal and NTHi proteins as pneumococcal histidine triad D (PhtD), detoxified pneumolysin (or pneumolysoid) (dPly), and NTHi protein D (PD) (PhtD-dPly-PD),
hereafter referred to as the H. influenzae and pneumococcal (HiP)
vaccine. PhtD is a surface-exposed protein that is highly conserved
among pneumococcal serotypes but whose biological function remains incompletely described (10). PhtD may be implicated in
adhesion of pneumococci to the mucosal surface, may be involved
in bacterial zinc metabolism, and may play a role in complement
inhibition through an undefined mechanism (11–13). Antibodies
to PhtD prevent nasopharyngeal colonization of mice by pneumococci and protect mice against lethal systemic pneumococcal
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We investigated a protein-based nontypeable Haemophilus influenzae (NTHi) and pneumococcal (HiP) vaccine containing
pneumococcal histidine triad D (PhtD), detoxified pneumolysin (dPly), and NTHi protein D (PD) in adults. In a phase I study,
40 healthy 18- to 40-year-old subjects were randomized (2:2:1) to receive two HiP doses administered 60 days apart, with or
without AS03 adjuvant (HiP-AS and HiP groups, respectively), or Engerix B (GlaxoSmithKline, Belgium) as a control. Safety,
antibodies, and antigen-specific CD4ⴙ T-cell immune responses were assessed before and until 480 days after vaccination. No
serious adverse events were reported, and no subject withdrew due to an adverse event. Local and systemic symptoms were reported more frequently in the HiP-AS group than in the other two groups. The frequency and intensity of local and systemic
symptoms appeared to increase after the second dose of HiP-AS or HiP but not Engerix B. Antibody geometric mean concentrations (GMCs) for PhtD, dPly, and PD increased after each dose of HiP-AS or HiP, with higher GMCs being observed in the
HiP-AS group (statistically significant for anti-PD after dose 1 and anti-Ply after dose 2). GMCs remained higher at day 420 than
prior to vaccination in both the HiP-AS and HiP groups. Antigen-specific CD4ⴙ T cells increased after each dose but were unmeasurable by day 480. Two doses of an investigational PhtD-dPly-PD protein vaccine induced humoral immunity and antigenspecific CD4ⴙ T-cell responses after each dose, with generally higher responses when the vaccine was administered with AS03.
HiP combined with AS03 appeared to be more reactogenic than the antigens alone. (This study has been registered at ClinicalTrials.gov under registration no. NCT00814489.)

Streptococcus-Haemophilus Triprotein Vaccine

MATERIALS AND METHODS
Study design and study subjects. This phase 1 study (registered at ClinicalTrials.gov under registration no. NCT00814489) was conducted at the
Blekinge Kompetenscentrum (Karlskrona, Sweden) between 8 January
2009 and 10 June 2010. The study protocol and associated documents
were reviewed and approved by the Medical Product Agency in Sweden
and the regional ethics review board in Lund (applications LU 545/2008
and 269/2010). The study was conducted in accordance with good clinical
practice guidelines, applicable regulatory requirements, and the Declaration of Helsinki. Written informed consent was obtained from each subject prior to the performance of any study-specific procedures.
Participants were healthy adults between 18 and 40 years of age. Subjects were not eligible to participate if they had suffered from pneumonia
or invasive pneumococcal disease within 3 years prior to the study; if they
had immunosuppression from any cause, including administration of
immunosuppressants for more than 14 days prior to vaccination; or if
they had previously received vaccination against hepatitis B. Subject could
not participate if they had received influenza vaccine within 14 days or any
other vaccine within 30 days of the first dose of study vaccines. Other
exclusion criteria included receipt of immunoglobulins or blood products
within 3 months prior to the study, any serious or uncontrolled disease,
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chronic infection, past or current malignancy, laboratory evidence of clinically significant hematological or biochemical abnormalities, and a history of chronic alcohol consumption and/or drug abuse. Pregnancy was
excluded for female participants prior to each vaccination, and female
subjects were required to avoid pregnancy for 30 days prior to vaccination
and for 2 months after completion of the vaccination series.
Participants were randomized (2:2:1) to one of 3 study groups, as
follows: the HiP-AS group received the candidate HiP vaccine administered with the AS03 adjuvant, the HiP group received the candidate HiP
vaccine without adjuvant, and the control group received a licensed hepatitis B vaccine (Engerix B; GlaxoSmithKline Vaccines). Three vaccine
doses were planned (days 0, 60, and 180). However, during the study a
predefined safety holding rule was met. Thus, the GlaxoSmithKline Vaccines internal vaccine safety monitoring board halted administration of
the third vaccine dose to the HiP-AS and HiP groups.
A randomization list was used to number the vaccines, with a blocking
scheme to ensure balanced allocation between the groups. Randomization at the study site used a centralized randomization system on the
Internet.
Because the volumes of the investigational and control vaccines were
different, the study was observer blinded. That is, the observer blinding
was maintained by dedicated unblinded site personnel, who performed
vaccination activities only and were not involved in any other study activities. The investigators, subjects, and safety observers were unblinded at
approximately day 180, when the third dose of Engerix B was administered. The laboratory staff remained blinded until the completion of laboratory testing.
Vaccines. PhtD and dPly were produced as described previously (26).
In brief, the full mature sequence of the PhtD protein devoid of its signal
peptide was expressed in the recombinant Escherichia coli AR58 strain and
further purified. Production of detoxified Ply (dPly) was done by fermentation of E. coli AR58, followed by protein purification and detoxification
by formaldehyde. Recombinant PD was expressed in E. coli AR58 following amplification of the gene from NTHi (strain 772, biotype 2) and cloning in the plasmid pMG-MDPPrD under the control of the heat-inducible
␥pL promoter. PD was extracted and purified using chromatography and
ultrafiltration.
The HiP vaccine contained 60 g each of PhtD, dPly, and PD presented as a freeze-dried pellet and reconstituted with either AS03 (HiP-AS
group) or diluent (Tween-modified phosphate-buffered saline). The dose
of AS03 was the same as that used in licensed influenza vaccines (27, 28).
After reconstitution, both investigational vaccines had a final volume for
injection of 0.5 ml. Engerix B contained 20 g recombinant hepatitis B
surface antigen adsorbed on 0.5 mg aluminum hydroxide, in a 1.0-ml
injection volume. All of the vaccines were administered intramuscularly,
into the nondominant deltoid muscle.
Study objectives. The primary objectives of the study were to describe
the safety and reactogenicity profiles of the HiP and HiP-AS investigational vaccines. Safety endpoints included the occurrence of solicited adverse events within a 7-day period after each vaccination, the occurrence
of unsolicited adverse events within a 30-day period after each vaccination, the occurrence of hematological or biochemical abnormalities
within 7, 180, 300, and 420 days after vaccination, and the occurrence of
serious adverse events during the entire study. The assessments of vaccine
immunogenicity in terms of humoral and cell-mediated immune responses after each vaccination and the persistence of responses until 12
months postvaccination were secondary objectives.
Safety monitoring. The vaccination phase was staggered to allow for
controlled evaluation of vaccine safety during the study. No more than 5
subjects were vaccinated per day. Before proceeding to the next vaccine
dose, safety data collected within 7 days after each dose underwent unblinded review by an internal safety review committee composed of a
biostatistician, a clinical physician, and a safety physician at GlaxoSmithKline Vaccines who were not involved in HiP vaccine development. Any
potential safety signal was escalated to the vaccine safety monitoring
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disease due to different serotypes (10, 14). In humans, anti-PhtD
antibody concentrations increase during childhood in response to
pneumococcal exposure through carriage or otitis media (15, 16).
Importantly, 74% of children with pneumococcal bacteremia
failed to produce anti-PhtD antibodies, as evidenced in 60 pairs of
acute- and convalescent-phase serum samples (17).
Pneumolysin (Ply) is a cytoplasmic virulence factor that is
present in all pneumococcal serotypes and is released after spontaneous autolysis (18). Ply has multiple biological properties, including induction of cholesterol-dependent lysis of host cells,
complement activation, inhibition of ciliary action, and promotion of epithelial disruption (19). Mice immunized with genetically detoxified Ply (dPly) survived invasive pneumococcal challenge, with an additional survival advantage being demonstrated
when dPly was delivered with adjuvant (20, 21). A combined adjuvanted PhtD-dPly vaccine protected rhesus macaques against
lethal pneumococcal pneumonia (22).
PD is a lipoprotein that is highly conserved among encapsulated and nonencapsulated strains of H. influenzae. PD is used as
the protein carrier in the licensed 10-valent pneumococcal conjugate vaccine Synflorix (PHiD-CV; GlaxoSmithKline, Belgium).
Administration of PD to children induced robust antibody responses and, in one study (the Pneumococcal Otitis Efficacy Trial
[POET]), efficacy against episodes of acute otitis media caused by
nontypeable H. influenzae was also shown (23); however, this was
not consistently observed in subsequent studies (24).
In this phase I study, the candidate combined HiP vaccine,
when administered with or without adjuvant system AS03 (composed of ␣-tocopherol and squalene in an oil-in-water emulsion)
to healthy adults, was evaluated. AS03 has been shown to enhance
the vaccine antigen-specific adaptive responses of several candidate vaccines and is included in licensed H1N1 and H5N1 pandemic influenza vaccines (25). The potential immune-enhancing
effects of AS03 were assessed in view of the target population of
elderly individuals, in whom immune responses to vaccination
may be attenuated. Here we report on safety, reactogenicity, and
immunogenicity results following two doses of HiP vaccine administered with or without the AS03 adjuvant, with assessment of
antibodies and cell-mediated immune responses until 1 year postvaccination.

Berglund et al.

TABLE 1 Study holding rules
Event
Grade 3 general solicited adverse event that
persisted for ⬎48 h (rule a)
Grade 3 unsolicited adverse event (rule b)
Grade 3 laboratory abnormality within 7
days after vaccinationa (rule c)
Combination of rules a and b
Combination of rules a, b, and c

No. (%) of subjects in
treatment group
5/16 (⬎30)
5/16 (⬎30)
5/16 (⬎30)
5/16 (⬎30)
7/16 (⬎40)

a

Grading as defined by the FDA (see http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/ucm074775.htm).
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RESULTS

Study subjects. Forty-six subjects underwent screening and 40
subjects were enrolled in the study, of whom 39 subjects were
included in the ATP immunogenicity cohort. One subject (control group) received a protocol-forbidden vaccine (Twinrix hepatitis A and B vaccine; GlaxoSmithKline, Belgium), subsequently
had no blood sampling after dose 2, and was withdrawn from the
ATP immunogenicity cohort. Demographic characteristics of the
study groups are shown in Table 2.
Analysis of safety. No serious adverse events were reported
during the study, and no subject withdrew from the study due to
an adverse event (Table 2).
(i) Local and general solicited adverse events. The most frequent local adverse event in all groups after each dose was pain at
the injection site, which was reported by 93.3% of HiP-AS recipients after dose 1 and by 100% after dose 2. Pain was reported by
64% of subjects after the first HiP dose and by 94.1% after dose 2.
Pain was also the most reported grade 3 adverse event and was
reported by 33.3% of subjects after the second HiP-AS dose and by
17.6% after the second HiP dose. Redness and swelling of ⬎50
mm were also reported more frequently after the second HiP-AS
dose than after the first dose (Fig. 1).
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board at GlaxoSmithKline Vaccines. Holding rules to temporarily suspend vaccination were predefined and are provided in Table 1. Vaccination could be put on hold at any time in case of death, a life-threatening
vaccine-related serious adverse event or ulceration at the injection site, or
discontinuation from further vaccination by the investigator in response
to any adverse event.
Safety and reactogenicity assessments. Diary cards were used to solicit the occurrence of local symptoms (pain, redness, and swelling) and
general symptoms (fever, headache, fatigue, gastrointestinal symptoms,
malaise, and myalgia) for 7 days after each dose (days 0 to 6). The occurrence of other (unsolicited) adverse events was collected with diary cards
for 30 days after each dose. Serious adverse events were recorded throughout the study. The investigators assessed the relationship between investigational product and the occurrence of each adverse event. Solicited
local adverse events were all considered to be related to the vaccine.
Hematological and biochemical parameters were measured to assess
subject eligibility and then again prior to each vaccination (days 0 and 60),
at 7 and 30 days after each dose (days 7, 30, 67, and 90), and at days 180,
300, and 420. The intensity of solicited adverse events was evaluated utilizing a symptom-grading system in which grade 0 was absent and grades
1 to 3 were mild, moderate, and severe, respectively. Grade 3 symptoms
were defined as redness or swelling ⬎50 mm in diameter, axillary temperature of ⬎39.5°C, and, for all other symptoms, preventing normal activity.
Measurement of humoral immune responses. Serum samples were
assessed in the GlaxoSmithKline Vaccines laboratories for vaccine antigen-specific immunogenicity prior to each vaccine dose, as well as 14 days
and 30 days after each dose (days 0, 14, 30, 60, 74, and 90). Antibody
persistence was assessed at days 180 and 420. Anti-PhtD, anti-Ply, and
anti-PD antibodies were quantified using an exploratory multiplex assay
based on Luminex technology (see the supplemental material). The cutoff
values for the multiplex assay, expressed in Luminex units (LU) per ml,
were 391 LU/ml for PhtD, 599 LU/ml for Ply, and 112 LU/ml for PD.
Functional anti-Ply antibody inhibition of hemolysis (Hem-Ply) was
measured in vitro by means of an exploratory hemolytic assay in which
hemolytic activity was monitored by measuring the level of hemoglobin
released (see the supplemental material). The cutoff value for the assay
was an inhibition titer of 6 (inverse dilution). The exploratory multiplex
and hemolytic assays were used only for this specific study and have not
yet been fully validated, according to the International Conference on
Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use.
Assessment of CD4ⴙ T-cell responses. Whole venous blood was collected in heparinized tubes and stored at room temperature until processing (performed as soon as possible and within 24 h). Peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque gradient
separation. Harvested PBMCs were counted, resuspended in cold fetal
bovine serum solution with 10% dimethyl sulfoxide (DMSO), and frozen
to ⫺70°C over 24 hours to 3 days before storage in liquid nitrogen.
The proportions of PhtD-, Ply-, or PD-stimulated CD4⫹/CD8⫹ T
cells identified as producing Th1 (gamma interferon [IFN-␥], interleu-

kin-2 [IL-2], and tumor necrosis factor alpha [TNF-␣]), Th2 (IL-13
and/or IL-5), or Th17 (IL-17) cytokines were assessed using intracellular
staining of cytokines and flow cytometry on PBMCs, as described by Moris et al. (29) but using two different cytokine cocktails. CD4⫹/CD8⫹
T-cell frequency was measured prior to the first dose (day 0), 14 days after
the first and second doses (days 14 and 74), and at day 480. Assay characteristics are provided in the supplemental material. Results were expressed
as the frequency of Ply-, PD-, or PhtD-stimulated cells per million peripheral blood mononuclear cells. It should be noted that the protocol planned
for the final blood collection for CD4⫹ T-cell assessment at day 420.
However, because of the Icelandic volcano eruption in 2010, transportation of the day 420 cell samples to the laboratory was delayed beyond cell
viability; therefore, day 420 cell samples were discarded. Repeat specimens
were obtained as soon as possible (day 480), in accordance with regional
ethics committee approval for additional sampling.
Statistical methods. The study was exploratory. The analysis of safety
was done with all vaccinated subjects (the total vaccinated cohort). The
analysis of immunogenicity and persistence was done with eligible subjects who complied with all study procedures and for whom immunogenicity results were available for at least one assay (the according-to-protocol [ATP] cohort). All unsolicited signs and symptoms were coded
according to Medical Dictionary for Regulatory Activities (MedDRA)preferred terms.
Seropositivity rates (with exact 95% confidence intervals [CIs]) and
geometric mean concentrations (GMCs)/geometric mean titers (GMTs)
were calculated for each vaccine antigen-specific antibody (GMC) and for
Hem-Ply antibodies (GMT) at each time point. Calculation of GMCs/
GMTs was performed by taking the antilog of the mean of the log10 concentration/titer transformations. Antibody titers/concentrations below
the assay cutoff value were given an arbitrary value of one-half the assay
cutoff value for the purpose of GMC/GMT calculations.
Anti-PhtD, anti-Ply, and anti-PD antibody responses 30 days after
doses 1 and 2 were compared between the investigational groups using a
one-way analysis of covariance (ANCOVA) model with log-transformed
concentrations. The ANCOVA model included the group as a fixed effect
and the prevaccination log-transformed concentration as the regressor.
Exploratory comparisons should be interpreted with caution, as they were
not adjusted for the number of endpoints and statistically significant findings could have occurred by chance. Analyses were performed using SAS
version 9.1 software and Proc StatXact-7.

Streptococcus-Haemophilus Triprotein Vaccine

TABLE 2 Participants at enrollment and at day 480 postvaccination and reasons for elimination from according-to-protocol cohorts
Data from vaccination phases

Data from follow-up phase (day 420)

HiP-AS

HiP

Control

HiP-AS

HiP

Control

Total cohort (no.)
Enrolled
Post-dose 2 blood sample not obtained
Randomization code brokena

15
0

17
0

8
1

15
0
1

17
0
0

8
1
0

ATP cohort (no.)
Enrolled
Completed the phase
Met elimination criterionb
Were unable to attend scheduled visit

15
15
0

17
17
0

7
7
1

14
13
0
2

17
17
0
0

7
7
1
0

26.9 ⫾ 5.91
8 (53.3)
7 (46.7)
15 (100)
0 (0.0)

24.3 ⫾ 3.69
7 (41.2)
10 (58.8)
16 (94.1)
1 (5.9)

26.6 ⫾ 5.50
3 (37.5)
5 (62.5)
8 (100)
0 (0.0)

At enrollment
Age (mean ⫾ SD) (yr)
Male (no. [%])
Female (no. [%])
White/Caucasian (no. [%])
Arabic/North African (no. [%])

a
One subject from the HiP-AS group was eliminated from the ATP cohort for immunogenicity because of the unblinding recommended by the GlaxoSmithKline Vaccines internal
vaccine safety monitoring board after a holding rule was met. This subject was not excluded from the safety or immunogenicity analyses but was excluded from the analysis of
persistence.
b
One subject who needed to receive traveler’s vaccinations, including the hepatitis A and B vaccinations, before foreign travel withdrew. These vaccinations met an elimination
criterion.

The most frequently reported general symptoms in all groups
after each dose were myalgia, headache, and fatigue (up to 73.3%
of subjects). In addition, fever was reported by 66.7% of subjects
in the HiP-AS group after dose 2. Although one-third (HiP) to
two-thirds (HiP-AS) of subjects reported fever, mostly after dose
2, no cases were grade 3 (⬎39.5°C). Other grade 3 solicited general
symptoms were reported by up to 20% of subjects (myalgia after
dose 1 and fatigue after dose 2) in the HiP-AS group, by up to
11.5% (myalgia after dose 2) in the HiP group, and by up to 14.3%
(headache after dose 2) in the control group.
Both local and general symptoms appeared to increase in frequency and intensity after the second dose of HiP-AS or HiP in the
treatment groups but not Engerix B in the control group. None of
the solicited local or general adverse events required medical attention.
(ii) Other (unsolicited) symptoms recorded until 30 days after each dose. At least one unsolicited symptom of any grade was
reported by 10 subjects (66.7%) in the HiP-AS group, 10 subjects
(58.8%) in the HiP group, and 6 subjects (75.0%) in the control
group during the 30-day follow-up period after each vaccine dose
(Table 3). The most commonly reported event in the HiP-AS
group was chills (4/15 [26.7%] subjects), and those in the HiP
group were headache, nasopharyngitis, and oropharyngeal pain
(each reported by 3/17 [17.6%] subjects). Investigators were questioned regarding the definition of chills; the term “chills” was used
to describe a range of symptoms, from the sensation of being cold,
the sensation of being unable to warm oneself, and the disagreeable sensation of being cold up to actual shivering or quaking with
or as if cold.
The percentages of subjects who reported at least one grade 3
(unsolicited) symptom in the 30-day period after each dose were
46.7% (7/15 subjects) in the HiP-AS group, 17.6% (3/17 subjects)
in the HiP group, and 12.5% (1/8 subjects) in the control group
(Table 3). No clustering of events was noted. No individual preferred term was attributed more than twice in any study group.
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Eleven subjects reported at least one grade 3 unsolicited event
after vaccination. Of these, 6 subjects (5 in the HiP-AS group and
one in the HiP group) had events within 48 h after vaccination that
were considered by the investigator to be causally related to vaccination. After dose 1 in the HiP-AS group, one subject reported
grade 3 chills (see the definition of chills in Table 3), one subject
reported a grade 3 injection site reaction, and one subject reported
grade 3 oropharyngeal pain and a bursting earache. After dose 2 in
the HiP-AS group, one subject reported grade 3 chills and one
subject reported grade 3 vertigo lasting 3 days postvaccination. In
the HiP group, one subject reported grade 3 musculoskeletal pain
for 2 days after dose 2. All subjects recovered without sequelae.
At the protocol-scheduled internal safety review committee
meeting after dose 2, holding rule 1b (at least 5 of 16 subjects or
⬎30% had a grade 3 unsolicited event within 7 days after either
vaccination) was met for the HiP-AS group, in which 6 of the 15
subjects reported grade 3 unsolicited events. Four of these adverse
events occurred after the first dose and two occurred after the
second dose. Together, these included chills in 2 subjects and
vomiting, vertigo, ear/oropharyngeal pain, and injection site reaction in one subject each. During the study, four HIP-AS subjects
reported 5 events of chills (including two grade 3 events, two grade
2 events, and one grade 1 event), with all cases occurring on the
day after vaccination and 4 cases occurring after dose 2. One subject reported chills after both dose 1 (grade 3) and dose 2 (grade 2).
The duration of chills for all subjects was 1 to 2 days. All events of
chills were assessed as being related to the vaccine by the investigator, and all of the events resolved. There were no reports of chills
in the other groups. In view of the generally high overall level of
reactogenicity and the proportion of subjects experiencing chills
in temporal association with vaccination observed within one
treatment arm, the GlaxoSmithKline vaccine safety monitoring
board decided not to administer the planned third dose of both
investigational vaccines.
(iii) Safety laboratory assessments. No grade 3 hematological
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Group characteristics

Berglund et al.

or biochemical laboratory abnormalities were reported 7 days or
30 days after each vaccination dose. A single grade 2 laboratory
abnormality, which was not considered to be vaccine related, was
observed during the study, i.e., a female subject in the HiP-AS
group had a hemoglobin level of 107 g/liter (grade 2 interval range,
95 to 109 g/liter) 60 days after dose 1.
Humoral immunogenicity. Prior to vaccination, all subjects
had anti-PhtD and anti-Ply antibodies above the assay cutoff
value, indicating prior pneumococcal exposure or infection. For
H. influenzae, anti-PD antibodies above the assay cutoff value, as
evidence of prior exposure or infection, were present in 66.7% of
subjects in the HiP-AS group, 35.3% of subjects in the HiP group,
and all subjects in the control group (see Table S1 in the supplemental material).
Antibody GMCs for each protein increased markedly after
each dose of HiP-AS or HiP (see Table S1 in the supplemental
material). For anti-PhtD, the antibody GMCs after dose 2 increased above prevaccination concentrations by 6.7-fold in the
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HiP-AS group and by 4.7-fold in the HiP group. For anti-Ply, the
GMCs increased by 19.2-fold and 11.6-fold, respectively (Fig. 2).
For anti-PD, the antibodies increased by 17-fold and 10-fold, respectively. Exploratory analyses indicated a statistically significant
difference between the HiP-AS and HiP groups in terms of the
anti-PD GMC 1 month after dose 1 and the anti-Ply GMC 1
month after dose 2.
A functional assessment of anti-Ply antibodies used an assay of
the inhibition of red blood cell hemolysis. All subjects were above
the assay cutoff value for Hem-Ply antibodies prior to and after
each dose (see Table S1 in the supplemental material). However,
the Hem-Ply antibody GMTs were higher at the postvaccination
time points than prior to vaccination in groups that received the
PhtD, Ply, and PD proteins and tended to be higher in the HiP-AS
group than in the HiP group.
At day 420, the observed anti-PhtD, anti-Ply, and anti-PD
GMCs remained higher in the HiP-AS group than in the control
group. For the HiP group, the observed antibody GMCs remained
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FIG 1 Percentages of subjects reporting local (A) and general (B) solicited symptoms within 7 days (days 0 to 6) after doses 1 and 2. Grade 3 symptoms were
defined as redness or swelling of ⬎50 mm in diameter, an axillary temperature of ⬎39.5°C, or preventing normal activity for all other symptoms. GI,
gastrointestinal. Vertical lines indicate 95% CIs.

Streptococcus-Haemophilus Triprotein Vaccine

TABLE 3 Numbers of subjects with unsolicited symptoms classified by MedDRA-preferred terms during the 30-day (days 0 to 29) postvaccination
period (total vaccinated cohort)
Control group (n ⫽ 8)

No.

HiP-AS group (n ⫽ 15)
% (95% CIb)

No.

% (95% CI)

No.

% (95% CI)

Any adverse event
Any related adverse event
Any grade 3 adverse eventc
Any related grade 3 event
Grade 3 event
Ear pain
Vertigo
Vomiting
Chillsd
Influenza-like illness
Injection site reaction
Pyrexia
Nasopharyngitis
Pneumonia
Sinusitis
Tonsillitis
Viral pharyngitis
Musculoskeletal pain
Headache
Oropharyngeal pain

10
8
7
5

66.7 (38.4–88.2)
53.3 (26.6–78.7)
46.7 (21.3–73.4)
33.3 (11.8–61.6)

10
6
3
1

58.8 (32.9–81.6)
35.3 (14.2–61.7)
17.6 (3.8–43.4)
5.9 (0.1–28.7)

6
1
1
0

75.0 (34.9–96.8)
12.5 (0.3–52.7)
12.5 (0.3–52.7)
0.0 (0.0–36.9)

1
1
1
2
1
1
0
1
1
2
0
0
0
0
1

6.7 (0.2–31.9)
6.7 (0.2–31.9)
6.7 (0.2–31.9)
13.3 (1.7–40.5)
6.7 (0.2–31.9)
6.7 (0.2–31.9)
0.0 (0.0–21.8)
6.7 (0.2–31.9)
6.7 (0.2–31.9)
13.3 (1.7–40.5)
0.0 (0.0–21.8)
0.0 (0.0–21.8)
0.0 (0.0–21.8)
0.0 (0.0–21.8)
6.7 (0.2–31.9)

0
0
0
0
0
0
2
1
0
0
0
1
1
1
0

0.0 (0.0–19.5)
0.0 (0.0–19.5)
0.0 (0.0–19.5)
0.0 (0.0–19.5)
0.0 (0.0–19.5)
0.0 (0.0–19.5)
11.8 (1.5–36.4)
5.9 (0.1–28.7)
0.0 (0.0–19.5)
0.0 (0.0–19.5)
0.0 (0.0–19.5)
5.9 (0.1–28.7)
5.9 (0.1–28.7)
5.9 (0.1–28.7)
0.0 (0.0–19.5)

0
0
0
0
0
0
0
0
0
0
1
0
0
0
0

0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
12.5 (0.3–52.7)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)
0.0 (0.0–36.9)

a

“Any” indicates at least one symptom experienced (regardless of the MedDRA-preferred term). Numbers and percentages indicate subjects reporting the symptom at least once.
CI, confidence interval.
c
Each subject might have reported more than one preferred term.
d
Chills/shivering indicated a range of symptoms, from the sensation of being cold, the sensation of being unable to warm oneself, or the disagreeable sensation of being cold up to
actual shivering or quaking with or as if cold.
b

higher than in the control group for anti-Ply and anti-PhtD but
not anti-PD antibodies.
CD4ⴙ T-cell responses. PhtD-specific CD4⫹ T-cell expression
of IL-2 and IFN-␥ (Th1 profile) was observed at day 14 in the
HiP-AS group and at 14 days after dose 2 (day 74) in both the
HiP-AS and HiP groups (Fig. 3). IL-2 and IFN-␥ expression increased between dose 1 and dose 2 and was observed to be higher
in the HiP-AS group than in the HiP group.
Ply-specific CD4⫹ T-cell expression of IL-2 and of IFN-␥
(Th1 profile) was observed at day 74 in the HiP-AS group (Fig.
3). Ply-specific CD4⫹ T-cell expression of IL-17 (Th17 profile)
was observed at day 14 and day 74 in both the HiP-AS and HiP
groups. Compared to baseline, 8- to 13-fold increases in median PD-specific CD4⫹ T-cell expression of IL-2 and IFN-␥
(Th1 profile) were observed at day 74 in the HiP-AS group,
whereas there was no increase in T-cell expression of IL-17
(Th17 profile) from baseline at either day 14 or day 74 in any
treatment group (Fig. 3). Intracellular staining showed coexpression of IFN-␥, IL-2, and/or TNF-␣ by CD4⫹ T cells, although at low frequencies (⬍0.15%) (see Fig. S1 in the supplemental material).
At each time point, no more than 60/million (median) antigen-specific CD4⫹ T cells showed expression of IL-13 and/or IL-5
(Th2 profile) in the HiP-AS and HiP groups. No more than 113/
million (median) antigen-specific CD8⫹ T cells showed expression of any cytokine at any postvaccination time point in the
HiP-AS and HiP groups. No antigen-specific CD4⫹/CD8⫹ T-cell
expression of any cytokine analyzed was detected 14 months after
dose 2 (day 480) in any of the groups (Fig. 3).
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DISCUSSION

We investigated the safety and immunogenicity of a novel 3-component protein vaccine targeting S. pneumoniae and H. influenzae
infections in a population of healthy young adults. Prior to this
study, clinical studies of humans evaluated free dPly and PhtD and
combinations of free dPly and free PhtD with either 10 g or 30 g
of antigen administered as free antigen or adjuvanted with aluminum or with the AS02v adjuvant (ClinicalTrials.gov registration
no. NCT00707798, 18- to 40-year-old subjects [unpublished results]; registration no. NCT01767402, 18- to 45-year-old subjects; registration no. NCT00756067 and NCT00307528, 65- to
85-year-old subjects [30]). Together, these studies enrolled
more than 600 subjects, and their results showed clinically acceptable safety profiles of investigational dPly and/or PhtD
vaccine formulations in adults. Robust humoral immune responses to vaccine antigens were observed in all groups in all
four studies; however, the humoral immune responses were
observed to be dose dependent and higher in the AS02v-adjuvanted group. In terms of reactogenicity, no consistent correlation with antigen dose was observed; however, AS02v-adjuvanted formulations showed increased local reactogenicity
versus other formulations. The occurrence of fever and chills
was uncommon in all four studies (only 4 cases of chills/feeling
cold), and there was no evidence that they occurred more frequently with consecutive doses. The results of our study were
generally in line with these studies, with the exception of the
unexpected number of subjects who reported chills. We observed no serious adverse events during the present study, no
subject withdrew due to an adverse event, and no clinically
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HiP group (n ⫽ 17)

Eventa
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relevant hematological or biochemical events were detected
during the study period.
The HiP-AS vaccine was associated with higher incidences and
intensities of solicited symptoms than the HiP vaccine and the
control, but it had an overall reactogenicity profile that appeared
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FIG 2 Antibody GMCs over the study period: antibodies to NTHI protein D
(anti-PD) (A), antibodies to pneumococcal histidine triad (anti-PhtD) (B),
and antibodies to pneumolysin toxoid (anti-Ply) (C). Vertical lines represent
95% CIs. *, Statistically significant difference between the HiP-AS group and
the HiP group at the indicated time point (exploratory analysis).

to be generally similar to those of other vaccines commonly administered to adults. For example, of healthy adults given combined adult diphtheria-tetanus vaccine, 93% reported pain at the
injection site, 19% reported pain of grade 3 intensity, and 70%
reported systemic symptoms, including headache (44%) and fever
(33%), after vaccination (31). Of adults 18 to 60 years of age given
AS03-adjuvanted influenza vaccine, 96.2% reported pain, 75.2%
reported fatigue, and 74.0% reported myalgia within 7 days after
vaccination (32). The AS03 adjuvant system is specifically designed to increase innate immune responses by enhancing migration of monocytes and macrophages and by increasing localized
production of a range of cytokines and chemokines intramuscularly at the site of injection and in the draining lymph nodes. Thus,
the higher local reactogenicity observed in the HiP-AS group than
in the HiP group may be secondary to these enhanced innate immune responses elicited at the site of injection and therefore is not
unexpected (32, 33). This was consistently observed in studies
evaluating AS03-adjuvanted influenza vaccines, in which higher
local reactogenicity was observed with adjuvanted versus nonadjuvanted vaccines (34, 35).
In this study, the high rate of occurrence of chills observed
within one treatment arm was an unexpected finding, but results
may have been confounded by the broad range of symptoms encompassed by this term. Chills were a common and transient
event (all lasted ⱕ2 days) that was not associated with recorded
fever and occurred in temporal association with the HiP-AS vaccine only. Four of the 5 episodes of chills were grade 2 or 3. One of
the subjects reported chills after both doses, although the chills
were of lesser intensity after the second dose. A possible causal
association between the symptom of chills and HiP-AS vaccine
administration cannot be ruled out. In studies of AS03-adjuvanted influenza vaccines, the occurrence of “shivering” after vaccination was actively solicited. Shivering was reported as being a
“very common” event after vaccination with H1N1-AS03 (Pandemrix; GlaxoSmithKline, Belgium), being reported by up to 20%
of vaccinees in all age groups (36).
Local inflammatory effects are expected, as the role of the adjuvant is to increase the immunogenicity of the vaccine. A study of
several adjuvant systems, including AS03, administered with hepatitis B vaccine to adults showed early, short-lived increases in
systemic levels of IL-6 and IL-10 after vaccination (37). However,
no firm evidence clearly correlates increased local cytokine release
with increased numbers of systemic events. Nonetheless, we hypothesize that a slight increase in systemic reactogenicity could
occur as a consequence of locally produced cellular mediators or
signal molecules spilling into the systemic circulation. Such events
could possibly be linked to the transient local inflammatory response resulting from adjuvanted vaccines (28), but further work
is needed to confirm this supposition. Given the small numbers of
subjects per treatment group (15 subjects in the HiP-AS group
and 16 subjects in the HiP group), firm conclusions or interpretations cannot be made on the basis of this study alone. Considering the overall increased reactogenicity of the vaccine after administration of the second vaccine dose, the GlaxoSmithKline
vaccine safety monitoring board elected to halt the administration
of planned third doses of the treatment vaccines in this study.
In terms of immunogenicity, the majority of adult subjects had
preexisting antibodies to all three vaccine proteins prior to vaccination, suggesting past exposure or infection. HiP proteins induced marked increases in anti-PD, anti-PhtD, and anti-Ply anti-
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vaccination; day 14, 14 days after dose 1; day 74, 14 days after dose 2; day 480, 480 days after the first vaccination. Vertical lines indicate the interquartile range.

body GMCs after each dose, with a trend toward higher GMCs for
all three proteins in the HiP-AS group than in the HiP group.
It is not known whether antibodies to PhtD or Ply are protective in humans. While anti-PD antibodies have been linked to
clinical protection against otitis media in children (23), their ability to prevent respiratory infections in the elderly is not known.
Thus, the significance of post-HiP vaccination antibody levels in
terms of clinical protection and the relative advantage, in terms of
immunogenicity, of administering HiP proteins with AS03 are as
yet undefined. Recent work has highlighted the importance of
anti-PhtD antibodies in preventing the adherence of pneumococci to epithelial cells (38).
We used red blood cell lysis by Ply as a convenient surrogate
measure of the ability of Ply to lyse respiratory epithelium. Reduced hemolysis was observed after vaccination, suggesting that
Hem-Ply antibody activity is indicative of functionality.
PhtD- and dPly-specific CD4⫹ T cells were detected after the
first vaccination, with a further increase after the second dose, in
HiP protein recipients, in contrast to the control group, in which
no observable increase was detected. The highest responses were
observed in HiP-AS recipients, consistent with the reported effects
of AS03 on CD4⫹ cell responses (25). Th17 has been implicated in
vaccine-induced immunity against a range of bacterial pathogens,
including pneumococcal infections at mucosal sites (39). A favorable CD4⫹ T-cell profile was induced, with increases in measured
Th1 and Th17 cells and without increases in CD4⫹ Th2 cells. As
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expected, the CD4⫹ Th1 and Th17 responses tended to be more
marked in the adjuvanted HiP-AS group than in the HiP group.
Our data are similar to those reported by Sharma et al. (40), who
showed that adults administered streptococcal and NTHi proteins, including PhtD and Ply, responded with expression of
mainly Th1 cytokines. In contrast, no expression of IL-17 was
observed, whereas Th2 cytokines (IL-4, IL-10, and IL-13) were
expressed at lower levels than the Th1 cytokines.
All study subjects had serological evidence of being exposed to,
colonized with, or infected with H. influenzae and pneumococci
earlier in life, yet antigen-specific cell-mediated immunity was
absent or very low prior to vaccination. This may indicate that,
rather than circulating in the bloodstream, inactive memory T
cells were sequestrated in lymphoid tissue prior to stimulation by
vaccination. Indeed, evidence for the presence of specific T-cell
homing receptors may mean that T cells boosted by vaccination
may have exited the circulation prior to blood sampling (41).
Some T-cell responses, including Th17 responses, are known to be
short lived (42). Finally, others showed CD4⫹ T-cell responses
using assays that employed longer stimulation periods (12 days for
Staphylococcus aureus) than in our study and that measured different cytokines (such as IL-10 and IL-22) (43). Thus, our assay
may not have been optimal for detection of specific T cells occurring at low frequencies in the circulation. Similarly, we observed
that cell-mediated immune responses after vaccination did not
appear to be long-lasting, with little or no detectable antigen-spe-
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FIG 3 Antigen-specific CD4⫹ T cells expressing Th1 (IL-2 and IFN-␥) and Th17 (IL-17) cytokines over time (frequency per million cells). Baseline, prior to

Berglund et al.

ACKNOWLEDGMENTS
We thank the volunteers who participated in this study as well as the study
nurses and other staff members. We also thank Sonia Mesia-Vela for study
coordination, Silvia Damaso for performing the statistical analysis, and
Thomas Moens for clinical report writing (all employed by GlaxoSmithKline Vaccines), Joanne Wolter (independent) for writing the initial draft
of the manuscript, and Wouter Houthoofd (XPE Pharma & Science) for
publication coordination on behalf of GlaxoSmithKline Vaccines.
J.B. declares no conflict of interest. P.V., F.T.D.S., P.L., and D.B. are
employees of the GlaxoSmithKline group of companies, and all declare
ownership of stocks/stock options of the GlaxoSmithKline group of companies. D.B. also is an inventor of certain GlaxoSmithKline patents. Synflorix, Engerix, Pandemrix, and Twinrix are trademarks of the GlaxoSmithKline group of companies.
GlaxoSmithKline Biologicals SA was the funding source and was involved in all stages of study conduct and analysis. GlaxoSmithKline Biologicals SA also funded all costs associated with the development and
publishing of this article.
All authors had full access to the data, and the corresponding author
was responsible for submission of the manuscript.

9.
10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES
1. Woodhead M. 2002. Community-acquired pneumonia in Europe: causative pathogens and resistance patterns. Eur. Respir. J. Suppl. 36:20s–27s.
http://dx.doi.org/10.1183/09031936.02.00702002.
2. Murphy TF. 2003. Respiratory infections caused by non-typeable Haemophilus influenzae. Curr. Opin. Infect. Dis. 16:129 –134. http://dx.doi
.org/10.1097/01.aco.0000065079.06965.e0.
3. Centers for Disease Control and Prevention. 2012. Licensure of 13valent pneumococcal conjugate vaccine for adults aged 50 years and older.
MMWR Morb. Mortal. Wkly. Rep. 61:394 –395. http://www.cdc.gov
/mmwr/preview/mmwrhtml/mm6121a3.htm.
4. Jackson LA, Neuzil KM, Yu O, Benson P, Barlow WE, Adams AL,
Hanson CA, Mahoney LD, Shay DK, Thompson WW. 2003. Effectiveness of pneumococcal polysaccharide vaccine in older adults. N. Engl. J.
Med. 348:1747–1755. http://dx.doi.org/10.1056/NEJMoa022678.
5. Vila-Corcoles A, Ochoa-Gondar O. 2012. Pneumococcal vaccination
among adults with chronic respiratory diseases: a historical overview. Expert Rev. Vaccines 11:221–236. http://dx.doi.org/10.1586/erv.11.176.
6. Borgoño JM, McLean AA, Vella PP, Woodhour AF, Canepa I, Davidson
WL, Hilleman MR. 1978. Vaccination and revaccination with polyvalent
pneumococcal polysaccharide vaccines in adults and infants. Proc. Soc.
Exp. Biol. Med. 157:148 –154.
7. Wyres KL, Lambertsen LM, Croucher NJ, McGee L, von Gottberg A,
Liñares J, Jacobs MR, Kristinsson KG, Beall BW, Klugman KP, Parkhill
J, Hakenbeck R, Bentley SD, Brueggemann AB. 2013. Pneumococcal
capsular switching: a historical perspective. J. Infect. Dis. 207:439 – 449.
http://dx.doi.org/10.1093/infdis/jis703.
8. Mera R, Miller LA, Fritsche TR, Jones RN. 2008. Serotype replacement
and multiple resistance in Streptococcus pneumoniae after the introduction

64

cvi.asm.org

18.
19.

20.

21.

22.

23.

24.

of the conjugate pneumococcal vaccine. Microb. Drug Resist. 14:101–107.
http://dx.doi.org/10.1089/mdr.2008.0782.
Weinberger DM, Malley R, Lipsitch M. 2011. Serotype replacement in
disease after pneumococcal vaccination. Lancet 378:1962–1973. http://dx
.doi.org/10.1016/S0140-6736(10)62225-8.
Adamou JE, Heinrichs JH, Erwin AL, Walsh W, Gayle T, Dormitzer M,
Dagan R, Brewah YA, Barren P, Lathigra R, Langermann S, Koenig S,
Johnson S. 2001. Identification and characterization of a novel family of
pneumococcal proteins that are protective against sepsis. Infect. Immun.
69:949 –958. http://dx.doi.org/10.1128/IAI.69.2.949-958.2001.
Ogunniyi AD, Grabowicz M, Mahdi LK, Cook J, Gordon DL, Sadlon
TA, Paton JC. 2009. Pneumococcal histidine triad proteins are regulated
by the Zn2⫹-dependent repressor AdcR and inhibit complement deposition through the recruitment of complement factor H. FASEB J. 23:731–
738. http://dx.doi.org/10.1096/fj.08-119537.
Melin M, Di Paolo E, Tikkanen L, Jarva H, Neyt C, Käyhty H, Meri S,
Poolman J, Väkeväinen M. 2010. Interaction of pneumococcal histidine
triad proteins with human complement. Infect. Immun. 78:2089 –2098.
http://dx.doi.org/10.1128/IAI.00811-09.
Rioux S, Neyt C, Di Paolo E, Turpin L, Charland N, Labbé S, Mortier
M-C, Mitchell TJ, Feron C, Martin D, Poolman JT. 2011. Transcriptional regulation, occurrence and putative role of the Pht family of Streptococcus pneumoniae. Microbiology 157:336 –348. http://dx.doi.org/10
.1099/mic.0.042184-0.
Godfroid F, Hermand P, Verlant V, Denoël P, Poolman JT. 2011.
Preclinical evaluation of the Pht proteins as potential cross-protective
pneumococcal vaccine antigens. Infect. Immun. 79:238 –245. http://dx
.doi.org/10.1128/IAI.00378-10.
Holmlund E, Quiambao B, Ollgren J, Jaakkola T, Neyt C, Poolman J,
Nohynek H, Käyhty H. 2009. Antibodies to pneumococcal proteins
PhtD, CbpA, and LytC in Filipino pregnant women and their infants in
relation to pneumococcal carriage. Clin. Vaccine Immunol. 16:916 –923.
http://dx.doi.org/10.1128/CVI.00050-09.
Simell B, Ahokas P, Lahdenkari M, Poolman J, Henckaerts I, Kilpi TM,
Käyhty H. 2009. Pneumococcal carriage and acute otitis media induce
serum antibodies to pneumococcal surface proteins CbpA and PhtD in
children. Vaccine 27:4615– 4621. http://dx.doi.org/10.1016/j.vaccine
.2009.05.071.
Hagerman A, Posfay-Barbe KM, Grillet S, Ochs MM, Brookes RH,
Greenberg D, Givon-Lavi N, Dagan R, Siegrist C-A. 2012. Failure to
elicit seroresponses to pneumococcal surface proteins (pneumococcal histidine triad D, pneumococcal choline-binding protein A, and serine proteinase precursor A) in children with pneumococcal bacteraemia. Clin.
Microbiol. Infect. 18:756 –762. http://dx.doi.org/10.1111/j.1469-0691
.2011.03629.x.
Tai SS. 2006. Streptococcus pneumoniae protein vaccine candidates: properties, activities and animal studies. Crit. Rev. Microbiol. 32:139 –153.
http://dx.doi.org/10.1080/10408410600822942.
Hirst RA, Kadioglu A, O’Callaghan C, Andrew PW. 2004. The role of
pneumolysin in pneumococcal pneumonia and meningitis. Clin. Exp. Immunol. 138:195–201. http://dx.doi.org/10.1111/j.1365-2249.2004.02611
.x.
Alexander JE, Lock RA, Peeters CC, Poolman JT, Andrew PW, Mitchell
TJ, Hansman D, Paton JC. 1994. Immunization of mice with pneumolysin toxoid confers a significant degree of protection against at least nine
serotypes of Streptococcus pneumoniae. Infect. Immun. 62:5683–5688.
Ogunniyi AD, Woodrow MC, Poolman JT, Paton JC. 2001. Protection
against Streptococcus pneumoniae elicited by immunization with pneumolysin and CbpA. Infect. Immun. 69:5997– 6003. http://dx.doi.org/10.1128
/IAI.69.10.5997-6003.2001.
Denoël P, Philipp MT, Doyle L, Martin D, Carletti G, Poolman JT.
2011. A protein-based pneumococcal vaccine protects rhesus macaques
from pneumonia after experimental infection with Streptococcus pneumoniae. Vaccine 29:5495–5501. http://dx.doi.org/10.1016/j.vaccine.2011
.05.051.
Prymula R, Peeters P, Chrobok V, Kriz P, Novakova E, Kaliskova E, Kohl I,
Lommel P, Poolman J, Prieels J-P, Schuerman L. 2006. Pneumococcal capsular
polysaccharides conjugated to protein D for prevention of acute otitis media
caused by both Streptococcus pneumoniae and non-typable Haemophilus
influenzae: a randomised double-blind efficacy study. Lancet 367:740 –
748. http://dx.doi.org/10.1016/S0140-6736(06)68304-9.
van den Bergh MR, Spijkerman J, Swinnen KM, François NA, Pascal
TG, Borys D, Schuerman L, Ijzerman EPF, Bruin JP, van der Ende A,

Clinical and Vaccine Immunology

Downloaded from http://cvi.asm.org/ on January 10, 2014 by guest

cific CD4⫹ T-cell responses being seen at day 480. The immune
mechanisms and clinical implications of the kinetics of persistence
of antigen-specific CD4⫹ T-cell responses to both natural infection and vaccination are not known and warrant further investigation. It is also important to note that our results cannot be
extrapolated to children, who may be unprimed or partially
primed for the vaccine antigens.
This study confirms that two doses of a tricomponent PhtDdPly-PD investigational vaccine are immunogenic in adults, inducing increases in antibody concentrations and antigen-specific
Th1- and Th17-directed cell-mediated immune responses after
each dose, with improvements in the antibody responses when the
vaccine is administered with AS03 adjuvant. The study indicates
that HiP combined with AS03 appears to be more reactogenic that
the antigens administered without adjuvant.
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